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ABSTRACT
The stability of rapid maxillary expansion (RME) was studied in 20
patients. Study models were evaluated immediately prior to treatment, at the
end of treatment, and at least 4 years post-treatment with regards to
maxillary and mandibular intermolar widths, intercanine widths, arch
perimeters, and irregularity indices. The mean maxillary intermolar width
increased by 3.7 mm during treatment, and showed a 0.8 mm (22%) relapse
at recall. The mandibular intercanine width increased by an average of 1.2
mm during treatment, and returned to a value nearly the same as that
observed prior to treatment. The maxillary and mandibular irregularity
indices decreased significantly during treatment, while at post-treatment
recall the values had slightly increased (0.6 mm and 1.1 mm respectively). The
mean mandibular intermolar width decreased by 1.8 mm during treatment
with a 0.5 mm increase at recall. The maxillary and mandibular arch
perimeters slightly increased during treatment and at recall had relapsed to
nearly the pre-treatment values. The results show that RME was relatively
stable, while the mandibular intercanine width relapsed to values similar to
those at the start of the treatment.
REVIEW OF LITERATURE
The objective of rapid maxillary expansion (RME) is to increase the
transverse width of the maxillary dental arch at the apical base to correct the
skeletal crossbite (due to a narrow maxilla).1,2 The concept of RME was
introduced over a century ago. E. H. Angell3 reports the procedure in his 1860
publication describing rapid palatal expansion of the maxillary dental arch to
develop space for the maxillary canines. Throughout its history, RME’s
popularity has waxed and waned, as there have been conflicting reports
regarding the effectiveness and desirability of expanding the maxillary arch
by splitting the midpalatal suture.l-18,24
The immediate effects of RME are the splitting of the midpalatal suture,
coupled with tipping of the maxillary posterior teeth.4-9 This results in an
increased transverse width and arch perimeter of the maxillary arch.lO,11 A
Single activation of the appliance produces a large force which decays rapidly
with time, with a residual force always present.12-14 The midpalatal suture
separation also causes a diastema to form between the maxillary central
incisors.I,2 Additionally facial sutures such as the zygomatico-maxillary,
zygomatico-temporal and zygomatico-frontal are affected.15 In the frontal
plane the maxilla arcs laterally in a triangular pattern, with the center of
rotation at the maxillo-frontal suture, causing the mandible to swing
downward and backward.l,2,4 This is temporary and is due to lateral tipping
of the maxillary teeth, causing the maxillary lingual cusps to contact the
mandibular buccal cusps.l,2,4,16
Krebs7-9 used implants to study patients treated with RME, and found
that the dental arch width was maintained during fixed retention. Only when
fixed retention was discontinued, was there a substantial decrease in the
dental arch width, which continued to decrease for 4-5 years. Haas6 reported
on the long-term stability of RME. He concluded that 9-12 mm of expansion
of the maxillary buccal teeth, and 4-5 mm of expansion of mandibular
intercanine width was stable. Sandstrom et. a1.17 looked at mandibular
intercanine and intermolar width in patients treated with RME at both the
end of the treatment (debanding) and at least 2 years post treatment. They
reported an increase in intermolar and intercanine width upon completion of
treatment with moderate relapse at the follow-up visit.
Davis and Kronman18 looked at patients treated with RME with no
treatment in the mandibular arch and found that the increase in mandibular
intermolar and intercanine widths not to be significant. Wertz2 also reported
on patients who were treated with RME without any mandibular treatment
and found no significant increase in the mandibular intermolar width.
It has been shown that the arch perimeter increases with RME, however,
this increase is variable. Adkins et. al.0 looked at the relationship of arch
perimeter and transverse width change in the maxilla upon removal of RME.
They found maxillary arch perimeter increased approximately 0.7 times the
change in the first premolar width. Little et. al. 19-21 looked at long term
stability of orthodontic patients who did not undergo RME and concluded
that mandibular arch length continually decreases upon removal of retainers.
Numerous studies have been reported on the mandibular irregularity
index in orthodontic patients who did not un.dergo treatment with RME.
These studies report that irregularity index increases over time after
treatment. 19-23
Dental arch changes can be analyzed by studying intermolar and
intercanine widths (transverse width), arch perimeter, and irregularity index.
Transverse width changes have been studied immediately following RME
removal, upon debanding and post-treatment.2,7 There have been varying
reports regarding post-treatment stability of intermolar and intercanine
widths.6,17,9-23 Variable arch perimeter changes have been observed upon
completion of RME in the maxillary arch.0 Long-term stability studies on
orthodontic patients not undergoing treatment with RME, have reported that
the mandibular arch perimeter continually decreases following treatment.19,23
Long-term irregularity index studies not involving RME have reported an
increase in irregularity index over time. 19-23 This study encompasses long-
term RME affects with respect to the above parameters. The purpose of this
study is to evaluate long-term stability of RME with respect to changes in the
maxillary and mandibular intermolar and intercanine widths, arch perimeter,
and irregularity index.
MATERIAL AND METHODS
Maxillary and mandibular casts of 20 patients that had undergone
orthodontic treatment with RME were studied. The inclusion criteria for
patient selection were as follows; 1) orthodontic treatment with RME, 2) no
craniofacial anomalies such as cleft lip or palate, 3) a minimum of 4 years post
treatment.
The hyrax expansion appliance was used to expand the maxilla. The
maxillary arch was expanded by approximately 0.5 mm per day. The
maxillary arch was overexpanded 2-3 mm, and following expansion, the
hyrax was left in the mouth for a minimum of 3 months.
There were 15 females and 5 males included in the sample. The mean age
of the patients at the beginning of treatment was 13.4 + 5.4 years. The average
time out of retention was 8.5 years with a range of 4 to 12.5 years (Table I).
Three sets of maxillary and mandibular casts were studied for each patient: 1)
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immediately prior to treatment (T1) 2) at the end of the treatment (debanding)
(T2), and 3) at a minimum of 4 years post-treatment (recall) (T3).
Using a digital caliper the following measurements were obtained
directly from the casts to 0.01 mm accuracy:
Intermolar width: The transverse distance between the first molars at point
where the lingual groove meets the gingival margin. The gingival groove was
used to minimize the effect of tooth tipping.
Intercanine width: The transverse distance between the canines at the
gingival margin midpoint of the tooth.
Irregularity Index: The summed displacement of the anatomic contact points
as described by Little.22
Arch perimeter was measured using a digital curvimeter. Polaroid
photographs (1:1 magnification) were taken of each cast. Using a fine lead
pencil, the arch length was drawn of the photograph from the mesial of first
molar to the mesial of first molar through the most buccal contact points of
the teeth. The digital curvimeter was used to measure the arch perimeter
(figure I).
Each measurement was repeated three times. One measurement of each
parameter was repeated 10 times in order to test the reproducibility of the
measurements, and the results were found to be very accurate. A paired t-test
was used to determine the statistical significance of each measurement
between the three time intervals.
RESULTS
Sample description, mean values, standard deviations, mean treatment
change values, and statistical significance of the three time periods are given
in Tables I-XI.
Intermolar width:
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The mean maxillary intermolar width for the combined group
(extraction/non-extraction) increased 3.7 mm, at the end of the treatment,
which showed a decrease of 0.8 mm during the post-treatment period. This
decrease was found to be statistically significant (p=0.012). In the non-
extraction subgroup this decrease was 0.6 mm (p= 0.183), and for the
extraction subgroup it was 0.9 mm (p= 0.038).
In the mandible the combined group showed a decrease of 1.8 mm in the
intermolar width during treatment. A decrease of 1.2 mm in the non-
extraction group and 3.1 mm in the extraction group was observed. The mean
post-treatment changes for the combined, non-extraction, extraction groups
were 0.5 mm (p= 0.170), 0.6 mm (p=0.170), and 0.2 mm (p= 0.183)
respectively.
Intercanine width:
The maxillary intercanine width for the combined group increased 1.9
mm which showed a subsequent decrease of 1.2 mm during the post-
treatment period. Both mean values were statistically significant. In the non-
extraction group an increase of 1.6 mm (p=0.60) at T2, and a decrease of 0.6
mm (p=0.087) at T3 were observed. For the extraction group the mean values
at T2 increased by 2.2 mm and at T3 a decrease of 1.8 mm was observed.
For the combined group the mean mandibular intercanine width
increased by 1.2 mm (p=0.001) from T1 to T2 with a subsequent decrease of
1.0 mm at T3 (p=0.001). For the non-extraction group an increase of only 0.7
mm(p=0.060) at T2, and a decrease of 1.0 mm (p=0.003) at T3 were observed.
The mean mandibular intercanine width increased by 2.8 mm (p= 0.001), and
it decreased by 1.4 mm (p= 0.067) during the post-treatment period.
Arch Perimeter:
The 10 non- extraction patients showed an increase of 1.8 mm in the
maxilla from T1 to T2 with a subsequent decrease of 1.4 mm at T3. The mean
difference of 0.4 mm from T1 to T3 was not significant (p=0.824). The mean
mandibular arch perimeter of 14 non-extraction patients increased by 0.9 mm
with a subsequent decrease of 1.6 mm at T3 which was significant (p=0.001).
The decrease of 0.7 mm from T1 to T3, in the lower arch was found to be
significant(p=0.001).
Irreyularity Index:
The mean maxillary irregularity index for the combined, non-extraction,
extraction groups at T1 were 8.4 mm, 6.1 mm and 10.2 mm respectively. At T2
the values for each of the 3 groups in the maxilla were 0.9 mm. At T3 the
combined, non-extraction, and extraction groups showed values of 1.5 mm 1.4
mm and 1.6 mm respectively.
In the combined, non- extraction, and extraction groups the mean
mandibular irregularity index at T1 were 3.4 mm, 2.7 mm, and 4.9 mm, and at
T2 were 1.1 mm, 1.3 mm, and 0.5 mm respectively. At T3 for each group the
irregularity index was 2.2 mm, 2.3 mm, and 2.0 mm.
DISCUSSION
The results of the present study show that the correction of the skeletal
posterior crossbite occurred due to the expansion of the maxillary arch
coupled with a slight constriction in the mandibular arch. The expansion
gained was less than reported previously.l,4-9,17 The difference can be
attributed to several factors" whether the measurements were made
immediately following expansion or at debanding, the extent of maxillary
constriction, and extraction vs. non-extraction therapy. Following extraction,
molars move anteriorly to the narrower part of the arch, resulting in a smaller
amount of expansion. Haas6 reported 9-12 mm expansion in the maxillary
arch to be stable many years out of retention. However, statistical analyses
were not presented. Sarnas et. al.24 reported on the effects of RME in one
patient with the aid of metallic implants and found that the long-term effect
of RME was limited. In the present study the decrease observed in the
intermolar width at recall was statistically significant (0.8 mm, 22%), however
due to the small amount of expansion, this decrease may be considered
clinically not significant ( 0.4 ram/side).
The mandibular intermolar width decrease during treatment in this study
was not consistent with other studies, such as Wertz2 who measured the
intermolar width immediately following RME, and Sandstrom et. al. 17 who
measured it following debanding. These studies evaluated only non-
extraction therapy patients and reported either a small increase or no change,
in the mandibular intermolar width.
In the combined group of the present study the mandibular intercanine
width increased by 0.9 mm during treatment, but at T3 showed complete
relapse almost identical to values at T1. Sandstrom et. al. 17 reported greater
amounts of mandibular intercanine width increase during treatment with
slight to moderate relapse following treatment in patients treated with RME.
Studies of orthodontic patients treated without RME have reported that
mandibular intercanine width decreases with time after treatment.19-23 The
present study indicates that to minimize relapse, the mandibular intercanine
width should be maintained during treatment even in patients treated with
The maxillary and mandibular arch perimeters slightly increased during
treatment in the present study. At recall arch perimeters returned to values
close to those observed at T1. Adkins10 et. al. have also reported arch
perimeter increases after RME, however they did not report on post-retention
changes. Little et. al.9-2 reported that in patients not treated with RME the
mandibular arch length continually decreases after discontinuation of
removable retainers. Paquette et. al.23 reported similar findings. In these
studies the arch perimeter was measured by drawing a straight line from the
mesial of the first molars to the mesial of the central incisors, where as in the
present study the arch curvature was taken into account (Figure I).
The irregularity indices of both arches was greater in the extraction
group than the non-extraction group at the start of the treatment. This
difference determined the need for extraction in these patients. The maxillary
irregularity Index for both groups at the end of the treatment and at recall
were almost equal. The mandibular irregularity index for the non-extraction
group was greater than the extraction group at the end of the treatment.
However, these values were similar at T3, resulting in minimal differences
between the two groups. Little et. al.19-21 and Paquette et. al. 23 studied
patients without RME and reported an increase in irregularity index
following treatment. Similar to Paquette et. al., 23 our results indicate that
minimal increases in the intercanine width may have attributed to the small
increase in the incisor crowding (1.1 mm in the mandible, 0.6 mm in the
maxilla).
It is important to distinguish between clinical vs. statistical significance,
since the latter may not always determine clinical significance. The maxillary
and mandibular intermolar width relapses may not individually be
significant, however the combination of maxillary decrease along with the
mandibular increase can produce clinically unsatisfactory results. The results
of this study should be interpreted recognizing that 3 to 6 months treatment
using a RME appliance is followed by 18 months to 2 years of fixed appliance
therapy. The overall expansion at recall can be significantly influenced by the
type of treatment, patient cooperation and modes and length of retention. The
results demonstrate that maxillary expansion was relatively stable, while the
mandibular intercanine width relapsed to values similar to those at the start
of the treatment.
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Table I: Sample description
Variables
Ae
Tx. Time
Months of RPE
Yrs. out of Tx.
Males: 5
Extraction: 10
Mean
13.4
2.9
5.7
8.5
Ranse
7.7-18.5
1.5-5.3
1.0-12.0
4.0-12.5
Females: 15
Non-extraction: 10
Std. Dev.
2.5
1.0
3.0
2.6
Table II: Sample description
Variables
Age
Tx. Time
Months of RPE
Yrs. out of Tx.
Mean
14.0
4.5
5.0
8.4
10 maxillary extraction cases
Males: 3 Females: 7
Range
7.3
13.0
1.5
7.4
Std.’ Devl
2.1
3.8
2.9
2.4
Table III: Sample description
Variables
Age
Tx. Time
Months of RPE
Yrs. out of Tx.
Mean
12.8
2.7
6.3
8.6
Range
9.4
3.0
10.0
8.0
Std. Dev.
2.9
0.9
3.1
2.9
10 maxillary non-extraction cases
Males: 2 Females: 8
Table IV: Sample description
Variables
Age
Tx. Time
Months of RPE
Yrs. out of Tx.
Mean
13.8
3.0
5.1
6.9
6 mandibular extraction cases
Males: 2 Females: 4
Range
2.9
3.4
1.5
3.1
Std. Dev.
1.4
1.2
0.6
1.2
Table V: Sample description
Variables
Age
Tx. Tim6
Months of RPE
Yrs. out of Tx.
Mean
13.2
2.9
5.9
9.2
14 mandibular non-extraction cases
Males: 3 Females: 11
Range
10.8
3.4
11.0
8.5
Std. Dev.
2.9
1.0
3.5
2.7
Table V-I:
Variables
Maxillary
Intermolar Width
Mandibular
Intermolar Width
Maxillary
Intercanme Width
Mandibular
Intercanine Width
’Maxillary
Arch Perimeter
Mandibular
Arch Perimeter
Maxillary
Irregularity Index
Mandibular
Mean and Standard deviations (mm) of the combined extraction/
non-extraction group for each parameter at 3 different time
periods
T1
Mean / SD
29.3 mm / 2.7
32.8 mm / 2.2
22.3 mm/1.8 *
18.8 mm / 1.2
72.2 mm / 6.1
6.4 mm / 4.2
8.4mm/4.5 **
3.4 mm / 1.9
T2
Mean / SD
33.0 mm / 2.3
31.0 mm / 2.1
24.2 mm / 2.3
20.0 mm / 1.5
74.0 mm / 5.1
64.3 mm / 4.7
0.9mm / 0.8
1.1mm / 0.8
T3
Mean / SD
32.2 mm / 2.6
31.5 mm / 3.1
23.0 mm / 1.7
19.0 mm / 1.5
72.6 mm / 5.4
62.7 mm / 4.4
1.Smm / 1.0
2.2 mm / 1.2
Irregularity Index
* some maxillary canines were not erupted, some primary canines still
present, some canines erupted buccally: Maxillary intercanine width was
estimated in these cases.
** Some maxillary canines were not erupted, some primary canines still
present, some canines erupted buccally
N=20 M=5 F=15 Age=13.4 YOT=8.5
Table VII:
Variables
Maxillary
Intermolar Width
Mandibular
Intermolar Width
Maxillary
Intercanme Width
Mandibular
Intercanine Width
Maxillary
Arch Perimeter
"Mandibulh]:
Arch Perimeter
Makillary
Irregularity Index
Mandibulhr
Irregularity Index
Mean changes and statistical significance for the combined
extraction/non-extraction group at 3 time periodsMean Treatment Change Mean Post-treatment .Mean Net Change (T3-
(T2-T1)
3.7 mm
p= 0.00
-1.8 mm
.p=.0.00
1.9mm *
p= 0.001
1.:2 turn
p=0.001
1.8 mm
p= 0.272
0.9 mm
p= 0.264
-/’.5 mm
p= 0.001
-2.3 mm
p= 0.001
Change (T3-T2)
-0.8 mm
p= 0.012
0.5 mm
p= 0.170
-1.2 mm
p= 0.08
-1.0 mm
p,-O.OO
-1.4 mm
p-O.O01
-1.6 mm
p-- 0.001
0.6 mm
p-- o.oo5
1.1 mm
p-- o.oo
T1)
2.9 mm
p= 0.001
-1.3 mm
p= 0.022
0.7mm
0.153
0.2 mm
p=0.478
0.4 mm
p= 0.396
-0.7 mm
p= 0.396
-6.9 mm
p= o:ool
-1.2 mm
p= 0.028
* At T1, some maxtllary canines were not erupted, some primary canines still
present, some canines erupted buccally: Maxillary intercanine width was
estimated in these cases.
** Some maxillary canines were not erupted, some primary canines still
present, some canines erupted buccally
Table VIII:
Variables
Maxillary
Intermolar Width
Mandibular
Intermolar Width
MaxillarIntercanme Width
Mandibular
Intercanine Width
Maxillary
Arch Perimeter
Mandibular
Arch Perimeter
Maxillary
Irregularity Index
Mandibular
Irregularity Index
Mean and standard deviation (mm) of the non-extraction group
for each parameter at 3 different time periods
T1
Mean / SD
29.4 mm / 3.2
32.7 mm / 1.9
21.9 mm / 1.1 *
18.8 mm / 1.3
72.2 mm / 6.1
63.4 mm / 4.2
6.1 mm / 3.3 **
2.7 mm / 1.5
T2
Mean / SD
33.4 mm / 2.7
31.5 mm / 1.9
23.5 mm / 1.3
19.5 mm / 1.3
74.0 mm / 5.1
64.3 mm / 4.7
0.9 mm / 0.6
1.3 mm / 0.8
T3
Mean / SD
32.8 mm / 3.3
32.1 mm / 2.8
22.9 mm / 1.6
18.5 mm / 1.3
72.6 mm / 5.4
62.7 mm / 4.4
1.4 mm / 0.9
2.3 mm / 1.3
* some maxillary canines were not erupted, some primary canines still
present, some canines erupted buccally: Maxillary intercanine width was
estimated in these cases.
** Some maxillary canines were not erupted, some primary canines still
present, some canines erupted buccally
Maxilla: N=10 M=2 F=8 Age=12.8 YOT=8.6
Mandible" N=14 M=3 F=I1 Age=13.2 YOT=9.2
Table IX:
Variable
Maxillary
Intermolar Width
Mandibular
Intermolar Width
Maxillary
Intercanme Width
Mandibular
Intercanine Width
Maxillary
Arch Perimeter
Mandibular
Arch Perimeter
Maxillary
Irregularity Index
Mandibular
Irregularity Index
Mean changes and statistical significance for the non-extraction
at 3 time periodsgroup
Mean Treatment Change
(T2-T1)
4.0 mm
p=0.001
-1.2 mm
p= 0.014
1.6 mm *
p= o.oo
0oTmm
p= 0.060
1.8 mm
p= 0.272
0.9 mm
p= 0.264
-5.2 mm **
p= o.002
-1.4 mm
p=0.004
Mean Post-treatment
Change (T3-T2
-0.6 mm
p=0.183
0o6mm
p= 0.167
-0.6 mm
p= 0.o87
-1.0 mm
p= o.003
-1.4 mm
p=0.824
-1.6 mm
p=0.001
0.5 mm
p= 0.222
1.0 mm
p= 0.009
Mean Net
Chanae (T3-T1
3.4 mm
p= 0.006
-0.6 mm
p=0.349
1.0 mm *
p= 0.126
-0.3 mm
p= 0.340
0.4 mm
p= 0.824
-0.7 mm
p= 0.001
4.7 mm **
p= 0.005
-0.4 mm
p=0.422
* At T1 some maxillary canines were not erupted, some primary canines still
present, some canines erupted buccally: Maxillary intercanine width was
estimated in these cases.
** Some maxillary canines were not erupted, some primary canines
still present, some canine erupted buccally
Maxilla: N=10 M=2 F=8
Mandible: N=14 M=3 F=11
Age=12.8 YOT=8.6
Age=13.2 YOT=9.2
Table X:
Variables
Maxillary
Intermolar Width
Mandibular
Intermolar Width
Maxillary
Intercanme Width
Mandibular
Intercanine Width
Maxillary
Arch Perimeter
Mandibular
Arch Perimeter
Maxillary
Irregularity Index
Mandibular
Irregularity Index
Mean and standard deviations (ram) of the extraction group at
each parameter at 3 different
T1
Mean / SD
29.1 mm / 2.3
33.0 mm / 3.1
22.7 mm / 2.3 *
18.6 mm/ 1.1
72.2 mm / 6.1
63.4 mm / 4.2
10.2 mm/4.6**
4.9 mm / 1.6
time periods
T2
Mean / SD
32.5 mm / 1.9
29.9 mm / 2.5
24.9 mm / 2.9
21.4 mm / 1.0
74.0 mm / 5.1
64.3 mm / 4.7
0.9mm / 0.9
0.5 mm / 0.8
T3
Mean / SD
31.6 mm / 1.8
30.1 mm / 1.8
23.1 mm / 1.8
20.0 mm / 1.7
72.6 mm / 5.4
62.7 mm / 4.4
1.6mm / 1.1
2.0 mm / 1.4
* some maxillary canines were not erupted, some primary canines still
present, some canines erupted buccally: Maxillary intercanine width was
estimated in these cases.
** Some maxillary canines were not erupted, some primary canines still
present, some canines erupted buccally
Maxilla: N=10 M=3 F=7 Age=14.0 YOT=8.4
Mandible N=6 M=2 F=4 Age=13.8 YOT=6.9
Table XI: Mean changes and statistical significance for the extraction group
Variable
Maxillary
Intermolar Width
Mandibular
Intermolar Width
Maxillary
Intercanme Width
’Mandibular
Intercanine Width
Maxillary
Arch Perimeter
Mandibular
Arch Perimeter
at 3 time periods
Mean Treatment Change
(T2-T1)
3.4 mm
p=0.006
-3.1 mm
p= 0.001
2.2 mm*
p= o.oo 
2o8 mm
p= 0.001
1.8 mm
p= 0.272
0ogmm
p= 0.264
-9.3 mm **
p= 0.001
-4.4 mm
p=0.001
Maxillary
Irregularity Index
Mandibular
Irregularity Index
Mean Post-treatment Mean Net
Change (T3-T2) Chanle (T3-T1
-0.9 mm 2.5 mm
p=0.038 p= 0.006
0.2 mm I-2.9 mmp= 0.813 p=O.O04-1.8 mm 0.4 mm *
p= 0.055 p= 0.624
-1.4 mm 1.4 mm
p= 0.067
-1.4 mm
p=0.824
-1.6 mm
p=0.001
0.7 mm
p= 0.001
1.5 mm
p= 0.075
p= 0.057
0.4 mm
p= 0.824
-0.7 mm
p= 0.001
8.6 mm **
p= 0.001
-2.9 mm
p=0.022
* At T1 some maxillary canines were not erupted, some primary canines still
present, some canines erupted buccally: Maxillary intercanine width was
estimated in these cases.
** Some maxillary canines were not erupted, some primary canines
still present, some canines erupted buccally
Maxilla: N=10 M=3 F=7 Age=14.0 YOT=8.4
Mandible: N=6 M=2 F=4 Age=13.8 YOT=6.9
Figure I" Arch perimeter, Intermolar and Intercanine Widths
